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Abstract
Background: In 2006, the Government of India launched the accredited social health activist (ASHA) program, with
the goal to connect marginalized communities to the health care system. We assessed the effect of the ASHA
program on the utilization of maternity services.
Methods: We used data from Indian Human Development Surveys done in 2004–2005 and in 2011–2012 to assess
demographic and socioeconomic factors associated with the receipt of ASHA services, and used difference-in-
difference analysis with cluster-level fixed effects to assess the effect of the program on the utilization of at
least one antenatal care (ANC) visit, four or more ANC visits, skilled birth attendance (SBA), and giving birth at
a health facility.
Results: Substantial variations in the receipt of ASHA services were reported with 66% of women in northeastern
states, 30% in high-focus states, and 16% of women in other states. In areas where active ASHA activity was reported,
the poorest women, and women belonging to scheduled castes and other backward castes, had the highest odds of
receiving ASHA services. Exposure to ASHA services was associated with a 17% (95% CI 11.8–22.1) increase in ANC-1,
5% increase in four or more ANC visits (95% CI − 1.6–11.1), 26% increase in SBA (95% CI 20–31.1), and 28% increase
(95% CI 22.4–32.8) in facility births.
Conclusions: Our results suggest that the ASHA program is successfully connecting marginalized communities
to maternity health services. Given the potential of the ASHA in impacting service utilization, we emphasize
the need to strengthen strategies to recruit, train, incentivize, and retain ASHAs.
Keywords: Primary health care, Community health workers, India, Antenatal care, Maternity care, Impact
evaluation, Accredited Social Health Activist
Introduction
In 2015, India accounted for approximately 45 000
(range 36 000 to 56 000) pregnancy-related maternal
deaths, making it one of two countries that account for
one third of all maternal deaths globally [1]. Between
1990 and 2016, the maternal mortality ratio (measured
as a pregnancy-related deaths per 100 000 live births)
declined by 77% [1]. While some progress was made to
achieve the Millennium Development Goal of a two-
third reduction in maternal mortality, the target was not
met and progress varied substantially across states [2].
Between 2005–2006 and 2015–2016, the coverage of
four or more antenatal care visits (ANC) increased from
37 to 51%, institutional deliveries increased from 39 to
79%, and percentage of births with a skilled attendant in-
creased from 47 to 81% [3].
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A number of studies have demonstrated the positive im-
pact of community health worker (CHW) programs on
the promotion of reproductive health services and family
planning, appropriate care seeking, antenatal care during
pregnancy, and skilled care for childbirth [4–8]. However,
there have also been several concerns about the perform-
ance and accountability of CHW programs, especially in
programs scaled beyond the efficacy settings [9]. To date,
most of the studies on the effectiveness of CHW programs
have been small-scale randomized trials with interventions
delivered under controlled settings; limited evidence exists
on the effectiveness of national-level CHW programs. The
WHO guidelines on health policy and system support to
optimize CHW programs highlights the need for using
longitudinal methods to assess the long-term impact of
CHW programs [10]. India’s accredited social health activ-
ist (ASHA) program is the largest government-led CHW
program globally with nearly one million trained CHWs.
In response to the relatively slow progress to strengthen
maternal and child health, the Government of India (GoI)
launched the National Rural Health Mission (NRHM) in
April 2005. The NRHM is an ambitious effort to strengthen
the national health systems and health care delivery, with a
special focus on improving health care outcomes among
the poorest populations [11]. The ASHA program, consid-
ered vital to the success of the NRHM, aims to increase
community engagement with the health system and sup-
port access to public health services [12, 13]. The ASHA
program was first launched in 2006 in 18 high-focus
states—including 10 high-focus states (Bihar, Jharkhand,
Madhya Pradesh, Chhattisgarh, Himachal Pradesh, Jammu
and Kashmir, Uttar Pradesh, Uttaranchal, Orissa, and
Rajasthan) and 8 northeastern high-focus states (Arunachal
Pradesh, Manipur, Assam, Nagaland, Meghlaya, Tripura,
Mizoram, and Sikkim). Within 2 years, over 300 000
ASHAs were trained and deployed at a ratio of one ASHA
to 1000 population in rural areas. In 2009, the program was
expanded to the rest of the country [14]. As of December
2015, there were 937 595 ASHAs operating nationally. Of
these, 544 074 ASHAs are in high-focus states, 56 104 in
the northeastern states, and 337 417 in other non-high-
focus states [15, 16]. The ASHAs are an all-female cadre of
CHWs, selected based on national guidelines by local vil-
lage committees. Though they are considered volunteers,
they receive some performance-based incentives. Although
variations exist across states in the recruitment, training, re-
sponsibilities, incentives, and supervision systems for the
ASHAs, there are some common guiding tenets. Table 1
summarizes their training [17], responsibilities specific to
promoting the health of mothers and children [14, 18], and
compensation structure [19, 20].
Given the size and scope of the ASHA program, an as-
sessment of the program has relevance not only for the
GoI, but also for other countries investing in similar
CHW programs. Over the last decade, the ASHA pro-
gram has been scaled nationally, with a budget allocation
ranging from 80 million rupees (~ $1.2 million) to 1.05
billion rupees (~ $15.5 million) per state, between 2005
and 2010 alone [14, 21]. Furthermore, governments in
other South Asian and African countries such as
Ethiopia, Bangladesh, Kenya, Uganda, Ghana, and South
Africa are in various stages of training and deploying
cadres of CHWs to fill critical gaps in delivering health
services to women and children [22]. Despite the im-
portance of such programs, the evidence on their effect-
iveness, especially at scale, is limited.
Table 1 Training and responsibilities of ASHAs to promote the
health of mothers and children
Recruitment
- ASHAs must be female, between 21 and 45 years old with middle-school
education (class eight or higher), and ideally should be a “daughter-in-
law” of the village, either married, widowed, or divorced with a likelihood
to live in the village for the foreseeable future.
- States have flexibility in selecting ASHAs with lower literacy levels to
ensure adequate community representation and local residence
Training
- The ASHAs receive training supported by the Government of India for
23 days spread over 12 months. Training models may vary by state and
may involve partnerships with various NGOs and other training centers.
- The ASHAs are expected to attend periodic review meetings and
ongoing job training (12 additional days per year).
Primary responsibilities
- Expected to work about 2.3 h per day and 4 days per week, except
during events such as training and immunization days.
- Create awareness and provide information to the community on the
determinants of health such as nutrition, basic sanitation and hygiene,
and existing health services.
- Counsel mothers on birth preparedness, safe delivery, feeding practices,
immunization, prevention of common infections, and family planning.
- Registering all pregnant women, provide three antenatal visits and two
postnatal visits, and facilitate access to health services for the mother
and child.
- Rollout of other government programs such as the Janani Surakshna
Yojana (JSY)—a cash entitlement program to incentivize women to
give birth in health facilities.
- Arrange escort or accompany pregnant women and children requiring
treatment to health facilities.
- Additional responsibilities of the ASHAs may vary by state.
- Act as a bridge between the rural population and the government
health system.
Compensation
- The ASHAs are honorary volunteers and receive performance-based
compensation based on reported activities.
- The compensation varies by the state and by the type of services
provided. It ranges from INR 200 (~ $2.95) for registering a pregnant
woman, providing 3 antenatal and 2 postnatal visits to INR 200–350
(~ $2.95–5) for facilitating institutional birth.
Supervision
- As per national guidelines, one ASHA facilitator is assigned for every 20
ASHAs, to help with selection, provide on-the-job mentoring, conduct
regular supervisory meetings, and maintain records.
- During monthly performance monitoring meetings, ASHAs are to report
on their activities, especially around critical tasks around visiting newborns
on the first day for home deliveries, attending immunization camps, visiting
households to discuss nutrition, and acting as DOT providers for
tuberculosis treatment.
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Previous assessments of the effect of the ASHA pro-
gram on maternity care have been descriptive [23], lim-
ited to certain states [14], or limited to assessing the
performance of the ASHAs [11, 24] and not the impact
of the ASHA program on health care outcomes. In this
study, we investigate whether the ASHA program is
reaching its target populations and assess whether the
receipt of ASHA services is associated with an increase
in the utilization of maternity care services.
Methods
We used data from two rounds of the nationally represen-
tative, longitudinal Indian Human Development Surveys
(IHDS). The surveys were funded by the National Institutes
of Child Health and Human Development (NICHD) and
were produced jointly by the National Council of Applied
Economic Research (NCAER), New Delhi, and the Univer-
sity of Maryland. IHDS-I (2004–2005) was administered to
41 554 households—27 010 rural and 13 126 urban house-
holds. The rural sample was drawn using stratified random
sampling of defined units. In urban areas, a stratified sam-
ple of towns and cities within states was selected by prob-
ability proportional to population size [25, 26]. Eighty-three
percent of the households interviewed in 2004–2005, were
re-interviewed in IHDS-II (2011–2012), and an additional
replacement sample of 2134 households was added.
Appendix 3 presents an analysis of households that were
not interviewed in IHDS-II and were lost to follow-up.
The IHDS-II survey was administered to 42,152 house-
holds in 33 states and union territories, 384 districts (of
612 districts), 1503 villages, and 971 urban areas.
Both rounds of the IHDS survey include a household inter-
view with information about household asset ownership, and
an interview with ever-married women of reproductive ages
(15–49 years) with information about birth history, repro-
ductive health, and antenatal and delivery care for the most
recent birth. IHDS-I recorded 11 670 births, and IHDS-II re-
corded 13 881 births (demographic characteristics presented
in Appendix 1). The implementation of the ASHA program
started in April 2005. IHDS-I covers births from 2000 to
2005, and IHDS-II covers a 6-year period (2005–2011) after
the implementation of the ASHA program.
Measurement of program exposure and outcomes
We estimated the effect of the ASHA program on four out-
comes: (1) whether the respondent received at least one
ANC visit, (2) had 4 or more ANC visits, (3) delivered in a
health facility, and (4) had a skilled attendant present at the
time of birth. Following the 2008 WHO recommendations,
we considered medical doctors, nurses, and auxiliary nurse
midwives (ANMs) as skilled birth attendants [27].
IHDS-II survey gathered information on the type of
health care provider seen by women at any point during
their last pregnancy. A woman was considered exposed to
an ASHA if she reported that an ASHA assisted her in re-
sponse to at least one of the following questions: “Where
did you get a pregnancy card made?”; “Did you get help
from anyone for making a pregnancy card/registration?”;
“Who visited you when you were pregnant?”; “Who facili-
tated or motivated you to go to a health facility for deliv-
ery?”; and “Who arranged the transportation to take you
to the health facility for delivery?”. We explored three
specifications for defining the exposure: (S1) Cluster-level
“intensity” of ASHA exposure was calculated as number
of women who reported exposure to an ASHA in a cluster
during the last birth divided by the total number of eligible
women who had a birth in 6 years preceding the survey in
the cluster. This measure takes a value between 0 and 1
and captures direct individual exposure to an ASHA, as
well as indirect effect that may result from the presence of
an ASHA within the community. (S2) All women in clus-
ters in which at least one woman reported seeing an
ASHA received a value of “exposed” (i.e., 1). (S3) Women
received a value of either 0 or 1 depending on their indi-
vidual reported exposure.
Characteristics of the women who report receipt of ASHA
services
To understand whether the ASHA program is reaching
its target population, we calculated the uptake of the
program nationally, disaggregated by demographic char-
acteristics, based on self-reported ASHA exposure (S3)
using IHDS-II data. To understand whether ASHAs are
differentially used by individuals belonging to a certain
demographic in areas where the ASHA program is ac-
tive, we restricted the analysis to only those clusters
where ASHA services were reported. We used logistic
regression to investigate the association between a range
of individual and household characteristics and receipt
of ASHA services in clusters where an ASHA has been
reported. We estimated this model at the national level
and separately for rural areas and high-focus states.
The logistic models account for sociodemographic charac-
teristics of the women—including maternal age (15–19, 20–
24, 25–29, 30–34, 35–39, 40–49 years), maternal education
(1–5 years, secondary 6–11 years, 12 years or more of educa-
tion), maternal caste (upper/forward caste, scheduled caste
(SC), scheduled tribe (ST), other backward caste (OBC)), reli-
gion (Hindu, Muslim, other religions), parity, and household
wealth index. OBC, SC, and ST are official Government of
India caste classifications for minority groups of historically
disadvantaged people. Continued disparities by caste exist in
education, income, and social networks. We used polychoric
principal component analysis (PCA) to estimate household
wealth using information about household asset ownership (bi-
cycle, sewing machine, generator, mixer, motorcycle, television,
air cooler, clock, fan, chair/table, cot, telephone, mobile phone)
and household characteristics (type of cooking place, type of
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toilet, availability of electricity, type of chulha (hearth), water
source, wall type, roof type, floor type) from the IHDS house-
hold surveys. The polychoric procedure, unlike the standard
PCA, retains ordinal variables without breaking them into
dummy variables [28]. The first component of the polychoric
PCA was used to create wealth quintiles, explaining 27% of
the variance for the 2005 and 30% for the 2012 data.
Association between exposure to ASHAs and maternal
service utilization outcomes
We assessed the effect of exposure to ASHAs, measured as
cluster-level exposure intensity (S1), on the outcomes, using
multivariate difference-in-differences models fitted using or-
dinary least squares regression [29]. The difference-in-differ-
ences approach assesses the effect of the ASHA program by
controlling for baseline differences between exposed and
unexposed populations, and for temporal differences that
may have resulted from underlying changes over time [30].
We used fixed effects at the cluster level to control for base-
line differences between clusters and any unmeasured time-
invariant factors that may have resulted in selective uptake
or targeting of the ASHA program. The models controlled
for individual and household characteristics: maternal age,
maternal education, household wealth index, birth order,
maternal caste, and religion. All regression models were ad-
justed for survey design features using cluster-level sample
weights, and standard errors were corrected for correlation
across individuals in the same cluster using robust standard
errors.
We tested the sensitivity of our findings to various model
specifications. We estimated the models separately for rural
areas and for high-focus states (results not presented).
About 30% of the clusters had 3 or fewer eligible women.
Since ASHA exposure is defined as the cluster average, we
tested the robustness of the results to cluster sizes greater
than two and greater than three. Additionally, we also used
the three different specifications for exposure to the ASHA
program for further robustness checks. Around 2005, a na-
tional cash assistance program called Janani Surakshna
Yojana was launched to incentivize women living below the
poverty line to deliver in health facilities or with a skilled at-
tendant [31]. The ASHAs play a vital role in rolling out this
program. We could not control for cash assistance in the
above models for skilled birth attendance (SBA) and facility
birth, as data on cash transfer were only available for women
who delivered in a health facility. To disentangle the effect
of the cash transfer on SBA and facility births from the ef-
fect of the ASHA program alone, we tested a multinomial
logistic model with SBA and facility birth coded as three-
level categorical outcomes. Facility births were coded as
birth at home, birth in a health facility without any financial
incentive, and birth in a health facility with a financial incen-
tive, and SBA was categorized as no SBA, SBA without
financial incentive, and SBA with financial incentive.
Fig. 1 Percentage of women reporting receiving services from an ASHA among all women who had a live birth since 2005
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Results
Nationally, 25% of women who had a live birth since 2005
reported receiving one or more ASHA services during their
last pregnancy (measured as proportion of women who re-
ported receiving ASHA services during their last pregnancy,
among all women who had a live birth since 2005). Fifty-
nine percent of women interviewed in IHDS-II live in clus-
ters where an ASHA has been reported. Substantial varia-
tions in the receipt of ASHA services were reported at the
state level (Fig. 1). Sixty-six percent of women in northeast-
ern states, 30% of women from high-focus states, and 16%
of women in other states reported receipt of ASHA services
(Fig. 2). Over 30% of all rural women reported ASHA ser-
vices, compared to less than 10% of urban women.
To understand whether ASHAs were differentially target-
ing any demographic groups within clusters where they are
active, we restricted the analysis to only those 59% (n =
7985) of the clusters that reported an ASHA (Table 2).
Compared to the youngest women ages 15–19 years,
women in age groups 30–34, 35–39, and > 40 were signifi-
cantly less likely to report ASHA services in the restricted
sample. Within clusters with an active ASHA, compared to
women with no education, women with 6–11 years and >
12 years of education were more likely to report receipt of
ASHA services. This pattern was observed nationally, as
well as when the sample is restricted to rural areas and to
high-focus states. Compared to forward castes, women be-
longing to disadvantaged groups of OBC and scheduled
castes are more likely to report ASHA services. However,
no significant difference in receipt of ASHA services was
observed among women belonging to scheduled tribes.
Within clusters with an active ASHA, odds of reporting
ASHA services declined steadily with increasing wealth sta-
tus—nationally, in rural areas, and in high-focus states. No
significant differences in the receipt of ASHA services were
reported by religion across all groups.
Between 2005 and 2012, the use of at least one ante-
natal care increased from 74 to 84%, the use of a skilled
attendant at birth increased from 53 to 75%, and the use
of health facilities for giving birth increased from 43 to
66%. Table 3 presents three models to assess the rela-
tionship between exposure to ASHAs (exposure S1) and
utilization of maternity services using a difference-in
-differences model—a crude model (M1) without any
confounders, a model (M2) with confounding covariates,
and a model (M3) with confounding covariates and clus-
ter-level fixed effects. Across all four outcomes, the
crude model suggests that exposure to ASHAs is as-
sociated with a decrease in the use of the maternity
services. However, this relationship is reversed, and a
positive association is seen when the confounding
variables are accounted for in M2; the positive
Fig. 2 Percentage of women reporting receipt of ASHA services among all women who gave birth from 2005 to 2011
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relationship is further strengthened when cluster-level
fixed effects are accounted for in M3. The reversal of
the association may be explained by the results in
Table 2 that show that receipt of ASHA services is
more likely to be reported by the most marginalized
women—women who are also least likely to have
care-seeking behaviors.
Exposure to ASHAs is associated with a 17% increase in
the utilization of at least one antenatal care visit, a 5% in-
crease in the utilization of 4 or more antenatal care visits, a
26% increase in SBA, and a 28% increase in giving birth in
a health facility (Table 3). This implies that for every 10
women receiving ASHA services, one or two additional
women would receive at least one ANC visit, and additional
Table 2 Analysis of association between receipt of ASHA services for the most recent birth and individual characteristics using logistic
regression and the 2011–2012 IHDS survey
Restricted clusters* (n = 7 985) Rural areas only (n = 6 854) High-focus states (n = 4 662)
Odds ratio(95% CI) p value Odds ratio(95% CI) p value Odds ratio(95% CI) p value
Maternal age (years)
15–19 1 1 1
20–24 1.04 (0.74–1.48) 0.8057 1.13 (0.78–1.63) 0.5186 0.99 (0.62–1.58) 0.9628
25–29 0.80 (0.57–1.13) 0.2047 0.87 (0.60–1.26) 0.4534 0.83 (0.52–1.33) 0.4485
30–34 0.63 (0.44–0.91) 0.0131 0.65 (0.44–0.97) 0.0339 0.62 (0.38–1.04) 0.0683
35–39 0.64 (0.43–0.95) 0.0265 0.69 (0.46–1.06) 0.0893 0.61 (0.36–1.04) 0.0709
≥ 40 0.63 (0.41–0.99) 0.0461 0.70 (0.43–1.14) 0.1505 0.58 (0.32–1.04) 0.0665
Education –
No education 1 1 1
1–5 years 1.13 (0.97–1.31) 0.1178 1.11 (0.94–1.30) 0.2122 1.12 (0.94–1.35) 0.2114
6–11 years 1.44 (1.26–1.66) 0.0000 1.53 (1.32–1.78) 0.0000 1.46 (1.23–1.73) 0.0000
12 years or more 1.33 (1.09–1.63) 0.0055 1.4 (1.09–1.72) 0.0068 1.30 (0.97–1.73) 0.0764
Caste
Forward caste 1 1 1
Backward castes 1.17 (0.99–1.37) 0.0638 1.16 (0.96–1.40) 0.1152 1.34 (1.09–1.65) 0.0050
Scheduled castes 1.30 (1.08–1.57) 0.0053 1.25 (1.02–1.54) 0.0355 1.59 (1.25–2.02) 0.0002
Scheduled tribes 1.19 (0.92–1.54) 0.1843 1.17 (0.89–1.55) 0.2629 1.30 (0.92–1.82) 0.1369
Religion
Hindu 1 1 1
Muslim 1.05 (0.85–1.30) 0.6579 1.06 (0.82–1.37) 0.6529 0.96 (0.72–1.28) 0.7711
Other religions 0.79 (0.57–1.08) 0.1392 0.81 (0.56–1.16) 0.2414 1.55 (0.62–3.91) 0.3534
States
Other states 1 1 1
High-focus states 1.22 (1.04–1.43) 0.0149 1.27 (1.06–1.52) 0.0095
Northeastern states 5.94 (3.80–9.29) 0.0000 6.73 (3.95–11.46) 0.0000
Urban/rural residence
Urban 0.90 (0.75–1.08) 0.2630 0.88 (0.66–1.16) 0.3545
Rural 1 1
Wealth quintile
Lowest 1 1 1
Lower 0.76 (0.66–0.88) 0.0002 0.75 (0.64–0.87) 0.0001 0.76 (0.64–0.90) 0.0015
Middle 0.78 (0.66–0.92) 0.0040 0.80 (0.67–0.96) 0.0150 0.81 (0.65–1.01) 0.0591
Richer 0.55 (0.45–0.67) 0.0000 0.51 (0.41–0.63) 0.0000 0.53 (0.41–0.70) 0.0000
Richest 0.39 (0.31–0.49) 0.0000 0.35 (0.26–0.45) 0.0000 0.36 (0.26–0.51) 0.0000
Parity 0.93 (0.89–0.97) 0.0006 0.93 (0.89–0.97) 0.0008 0.95 (0.91–1.00) 0.0524
*Analysis is restricted only to clusters where at least one woman reported seeing an ASHA
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two or three women would give birth in a health facility or
with a skilled birth attendant outside a facility. High mater-
nal education and household wealth, upper castes, and
lower parity were associated with increased probability of
having ANC, SBA, and giving birth in a health facility (re-
sults presented in Appendix 2). The association between
exposure to ASHAs and maternity outcomes was robust to
variations in cluster size and exposure specifications. While
the magnitude of the association varies for the different ex-
posure specifications, the results still suggest a significant
association between receipt of ASHA services and the out-
comes (Fig. 3).
We attempted to understand the role of conditional cash
transfers in motivating women to go to health facilities for
birth and have a skilled attendant at the time of birth. Ex-
posure to ASHAs is significantly associated with a reduction
in home births, and births without a skilled attendant
(Fig. 4). Exposure to ASHAs with financial incentives was
significantly associated with a 12% and 15% increase in heath
facility births and skilled birth attendance, respectively.
Discussion
Exposure to ASHAs was strongly correlated with the
utilization of maternity services. Even the most conserva-
tive assumptions for specifying exposure to ASHAs sug-
gest that the ASHA program is associated with improved
utilization of at least one antenatal care visit, skilled birth
attendance, and giving birth in a health facility. The results
also highlight the role of conditional cash transfers to
incentivize facility-based births, and suggest that the pres-
ence of the ASHAs further augments this effect. The in-
tent of the ASHA program was to reach marginalized
communities—to connect communities that do not typic-
ally avail of services in health facilities to health care ser-
vices at the community level. Our results suggest that the
ASHA program is meeting these objectives as few pro-
grams have successfully done in the past.
While the ASHA program had the highest reach in the
poorest populations, it does not address the disparities in the
utilization of services across women from different socioeco-
nomic and caste groups, especially the scheduled tribes.
Historically, women belonging to scheduled tribes have min-
imal utilization of health services. For example, the National
Family Health Survey (NFHS) reports facility-based delivery
at 18% among scheduled tribes, compared to 33% among
scheduled castes, and 51% among forward castes [32]. Our
study indicates that utilization of maternity services continues
to be the lowest among scheduled tribes, even after account-
ing for receipt of ASHA services. The tribal nature of these
communities makes linkages to the health care system chal-
lenging and warrants further programming that is responsive
to tribal customs around childbirth.
Prior process evaluations of the ASHA program
highlighted several operational challenges. In several
areas, the ASHAs do not receive timely payments for
their services, which affects their performance [19]. Per-
formance-based payments alone do not provide the finan-
cial security that is expected [33]. Studies conducted at
the district or state level have reported that ASHAs may
not be motivated in their role due to poor financial com-
pensation [24, 34, 35]. Others have reported that ASHA
activities in some states are hindered due to poor support-
ive supervision and mentoring structures [36]. Given our
findings about the potential impact of the ASHA program
on the utilization of services, especially for the marginal-
ized, it is even more vital that these operational challenges
are better understood and addressed. First, for the ASHA
program to be sustainable, recruiting and training new
ASHAs is as important as continued investments to en-
sure that the existing ASHAs have the institutional sup-
port and ongoing education needed to deliver the ever-
expanding set of services expected of them. The effective-
ness of large-scale mobile programs such as Mobile Acad-
emy for training of ASHAs should be robustly evaluated
and, if effective, should serve as an adjunct instead of re-
placement for face-to-face instruction. Second, further re-
search is needed to understand how the different
implementation approaches, incentive systems, and sup-
port structures adopted by individual states have influ-
enced the uptake and functioning of the ASHA program.
Third, the role of the ASHAs in facilitating respectful ma-
ternity care needs to be further explored.
Table 3 Association between intensity of exposure to the ASHA program and maternity service utilization outcomes using a linear
probability model
M1 (crude model) M2 (M1 + other covariates) M3 (M2 + cluster fixed effects)
N ME* (95% CI) N M (95% CI) N ME (95% CI)
Antenatal care, one visit 24 763 − 0.032 (− 0.067–0.003) 24 565 0.12 (0.094–0.156)** 24 565 0.17 (0.118–0.221)**
Antenatal care, four visits 24 777 − 0.215 (− 0.269–0.162)* 24 578 0.038 (0.011–0.088) 24 578 0.047 (− 0.016–0.111)
Skilled birth attendance 24 613 − 0.047 (− 0.091–0.003)* 24 420 0.200 (0.163–0.237)** 24 240 0.258 (0.206–0.310)**
Birth at a health facility 24 721 − 0.029 (− 0.077–0.020) 24 519 0.245 (0.204–0.286)** 24 519 0.276 (0.224–0.328)**
Estimated marginal effects (ME) are the change in predicted probabilities (95% CI) as a result of receipt of ASHA services, controlling for maternal age,
maternal education, caste, religion, parity, socioeconomic status, and rurality
*p < 0.05; **p < 0.01
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Contrary to the results of this study, a recent ecological
analysis that explored the relationship between the change in
proportion of villages within a district with an ASHA and a
number of maternal health utilization outcomes, showed no
impact of ASHA exposure on institutional delivery [37]. This
study has several analytic improvements over the previous
study in accounting for demographic characteristics which
are established confounders of this relationship in the
models, individual-level (instead of district-level) measure-
ment of ASHA exposure and outcomes, and a longitudinal
study design that accounts for targeting of the program by
employing fixed effects methods at the cluster level. We as-
sumed that accounting for cluster-level effects addresses vari-
ations in available health infrastructure thought of as critical
to the success of the ASHAs. We used whether a woman re-
ceived ASHA services as a proxy for whether the ASHA pro-
gram was active in the area. By measuring ASHA exposure
based on women’s self-reports, we capture functional expos-
ure to the ASHA program. While this leaves room for meas-
urement error in estimating the level of exposure, we
Fig. 3: Sensitivity analysis for association between exposure to ASHA and utilization of maternity services using a linear probability model. **p < 0.05;
**p < 0.01. For each outcome, the point estimates and 95% confidence intervals (indicated by the whiskers) correspond to program effect sizes
estimated using difference-in-differences models fitted using ordinary least squares regression, controlling for a range of potentially confounding
variables. Model 1: S1 exposure definition (cluster-level intensity of ASHA exposure measured as the number of women who reported exposure to an
ASHA in a cluster during the last birth divided by the total number of eligible women who had a birth in 6 years preceding the survey in the cluster);
Model 2: S1, for clusters > 2; Model 3: S1, for clusters > 3; Model 4: S3 exposure definition (Exposure is coded based on individual women’s response to
whether they received ASHA services—0 for No, 1 for Yes); Model 5: S2 exposure definition (All women in clusters in which at least one woman
reports seeing an ASHA received a value of “exposed” (i.e., 1)). All models control for cluster-level fixed effects
Fig. 4 Marginal effect of ASHA exposure on the facility deliveries and skilled birth attendance, using a multinomial logistic model. For each
outcome, the point estimates and 95% confidence intervals (indicated by the whiskers) correspond to program effect sizes estimated using a
multinomial regression model, adjusted for a range of potentially confounding variables.
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account for this by presenting results from sensitivity analyses
assuming a range of exposure definitions. Our study has
some limitations. Seventeen percent of the households that
were lost to follow-up in the IHDS-II survey were mostly
urban, overall better-off households with higher levels of ser-
vice utilization compared to the households that were part of
both IHDS surveys. This limits the external validity of our
findings. As with any non-experimental evaluation, our ana-
lysis is limited by unobserved factors associated with selective
uptake of the ASHA program. Lastly, we are unable to disen-
tangle the impact of the ASHAs from the impact of condi-
tional cash transfers in driving the increase in SBA and
facility births. Given that in most places the ASHAs bear the
responsibility of informing women about the government’s
conditional cash transfer scheme, we expect the impact of
the two programs to be synergistic.
Our analysis presents an encouraging picture of the
ASHA program 6–7 years into its implementation at scale.
The ASHA program has increased in the utilization of
antenatal care services, skilled birth attendance, and facil-
ity deliveries across caste, religion, and demographic
groups. Most importantly, our analysis suggests that the
ASHAs are more likely to reach groups that are typically
left out of the formal health care system—poorer popula-
tions living in rural areas and women belonging to back-
ward castes. The results of our study are promising given
the sustained investments into the ASHA program by the
national and state governments. However, the government
needs to invest into supporting and increasing the reach
of the ASHAs in marginalized regions with scheduled
tribes. We emphasize the need to conduct ongoing moni-
toring and evaluation of the program to understand ap-
proaches to effectively scale the program and strengthen
strategies to recruit, train, incentivize, and retain ASHAs.
In 2013, an expert consultation on the theme of CHWs in
health care, organized by the United Nations Health Agen-
cies (H4+) (UNAIDS, UNFPA, UNICEF, UN Women, the
WHO, and the World Bank), highlighted the importance of
CHW programs in strengthening national health systems
and the critical need for identifying evidence-based interven-
tions that CHWs can undertake in the reproductive health
space. Identifying what interventions can be effectively deliv-
ered by CHWs would further strengthen the WHO and
partner recommendations on task-sharing/task-shifting.
This study addresses this gap by assessing the potential role
of CHWs in effectively delivering maternity interventions
and identifying the kind of interventions that are most likely
to be affected through the engagement of CHWs. Historic-
ally, CHW programs at scale have not demonstrated the
same impact as they have in controlled trials. Given the
demonstrable impact of the ASHA program on the
utilization of maternity services in our research, other coun-
tries and donor agencies can draw from the unique imple-
mentation features of the ASHA program in India.
Appendix 1
Table 4 Demographic characteristics of the study sample in
IHDS-I (2005) and IHDS-II (2012) surveys
2005 2012
Total population Total population
N = 11 670 % N = 13 881 %
Maternal age (years)
15–19 438 3.75% 294 2.12%
20–24 3 361 28.80% 3 180 22.91%
25–29 3 979 34.10% 5 051 36.39%
30–34 2 241 19.20% 3 197 23.03%
35–39 1 180 10.11% 1 455 10.48%
≥ 40 471 4.04% 704 5.07%
Education
No education 5 312 45.52% 4 592 33.08%
1–5 years 1 774 15.20% 2 042 14.71%
6–11 years 3 287 28.17% 5 101 36.75%
12 years or more 1 091 9.35% 2 139 15.41%
Missing 204 1.75% 8 0.06%
Caste
Forward caste 3 012 25.81% 3 512 25.30%
Other backward castes 4 953 42.44% 5 919 42.64%
Scheduled castes 2 706 23.19% 3 230 23.27%
Scheduled tribes 999 8.56% 1 191 8.58%
Missing 29 0.21%
Religion
Hindu 9 413 80.66% 11 152 80.34%
Muslim 1 627 13.94% 2 121 15.28%
Others religions 630 5.40% 608 4.38%
States
Other states 5 212 44.66% 6 081 43.81%
High-focus states 6 148 52.68% 7 278 52.43%
Northeast states 310 2.66% 522 3.76%
Urban/rural residence
Rural 8 625 73.91% 9 886 71.22%
Urban 3 045 26.09% 3 995 28.78%
Wealth quintile
Lowest 3 475 29.78% 3 766 27.13%
Lower 2 688 23.03% 2 918 21.02%
Middle 2 248 19.26% 2 553 18.39%
Richer 1 791 15.35% 2 440 17.58%
Richest 1 467 12.57% 2 204 15.88%
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Appendix 2
Table 5 Association between cluster-level exposure to ASHA measured as “intensity of exposure” and maternity service utilization
outcomes using a linear probability model with fixed effects at the cluster level
ANC-1 (N = 24 565) ANC-4 (N = 24 578) SBA (N = 24 240) Facility birth (N = 24 519)
β(95% CI) p value β(95% CI) p value β(95% CI) p value β(95% CI) p value
Outcome 0.17 (0.118–0.221) 0.000 0.047 (− 0.016–0.011) 0.146 0.258 (0.206–0.310) 0.000 0.276 0.224–0.326) 0
Maternal age (years)
15–19 1 1 1 1
20–24 − 0.012 (− 0.038–0.014) 0.362 0.012 (− 0.023–0.046) 0.503 0.003 (− 0.030–0.037) 0.848 − 0.001 (− 0.033–0.032 0.967
25–29 − 0.009 (− 0.034–0.018) 0.527 0.010 (− 0.026–0.045) 0.591 − 0.018 (− 0.051–0.015) 0.277 − 0.028 (− 0.061–0.005) 0.091
30–34 − 0.01 (− 0.039–0.019) 0.5 0.023 (− 0.013–0.060) 0.209 − 0.024 (− 0.059-0.010) 0.169 − 0.041 (− 0.076–0.006) 0.020
35–39 − 0.022 (− 0.053–0.009) 0.173 0.027 (− 0.012–0.067) 0.182 − 0.004 (− 0.042–0.034) 0.837 − 0.024 (− 0.062–0.014) 0.212
≥ 40 − 0.027 (− 0.067–0.013) 0.186 0.043 (− 0.002–0.088) 0.060 − 0.007 (− 0.053–0.038) 0.744 − 0.026 (− 0.071–0.019) 0.257
Education – –
No education 1 1 1 1
1–5 years 0.049 (0.034–0.065) 0.000 0.035 (0.017–0.053) 0.000 0.043 (0.024–0.062) 0.000 0.032 (0.013–0.051) 0.001
6–11 years 0.065 (0.052–0.079) 0.000 0.094 (0.076–0.112) 0.000 0.096 (0.079–0.113) 0.000 0.102 (0.085–0.118) 0.000
12 years or more 0.072 (0.056–0.088) 0.000 0.164 (0.139–0.188) 0.000 0.143 (0.123–0.164) 0.000 0.161 (0.139–0.183) 0.000
Caste –
Forward caste 1 1 1 1
Other backward
castes
− 0.017 (− 0.030–0.005) 0.008 − 0.009 (− 0.026–0.009) 0.344 − 0.020 (− 0.036––0.003) 0.017 − 0.026 (− 0.043–0.010) 0.002
Scheduled castes − 0.019 (− 0.035–0.004) 0.015 − 0.036 (− 0.056–0.015) 0.001 − 0.028 (− 0.048–0.009) 0.004 − 0.04 (− 0.061–0.019) 0.000
Scheduled tribes − 0.038 (− 0.064–0.013) 0.003 − 0.054 (− 0.086–0.021) 0.001 − 0.083 (− 0.115–0.051) 0.000 − 0.076 (− 0.107–0.044) 0.000
Religion –
Hindu 1 1 1 1
Muslim 0.002 (− 0.018–0.023) 0.799 − 0.017 (− 0.042–0.008) 0.18 − 0.012 (− 0.036–0.012) 0.339 − 0.032 (− 0.057–0.006) 0.014
Others religions − 0.004 (− 0.025–0.018) 0.75 0.021 (− 0.015–0.058) 0.254 − 0.022 (− 0.047–0.003) 0.083 − 0.019 (− 0.047–0.009) 0.181
Urban/rural residence –
Urban − 0.038 (− 0.095–0.019) 0.188 − 0.054 (− 0.183–0.075) 0.413 − 0.082 (− 0.165–0.000) 0.051 − 0.054 (− 0.138–0.029) 0.200
Rural 1 1 1
Wealth quintile
Lowest 1 1 1 1
Lower 0.053 (0.037–0.070) 0.000 0.038 (0.021–0.056) 0.000 0.053 (0.034–0.072) 0.000 0.024 (0.005–0.044) 0.014
Middle 0.078 (0.060–0.967) 0.000 0.071 (0.049–0.093) 0.000 0.089 (0.067–0.111) 0.000 0.067 (0.044–0.089) 0.000
Richer 0.092 (0.072–0.112) 0.000 0.094 (0.069–0.119) 0.000 0.123 (0.099–0.247) 0.000 0.104 (0.080–0.129) 0.000
Richest 0.109 (0.088–0.131) 0.000 0.157 (0.127–0.187) 0.000 0.164 (0.137–0.190) 0.000 0.154 (0.126–0.182) 0.000
Parity − 0.022 (− 0.026–0.018) 0.000 − 0.02 (− 0.025–0.017) 0.000 − 0.031 (− 0.036–0.026) 0.000 − 0.031 (− 0.036–0.026) 0.000
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Appendix 3: Analysis of households that were lost
to follow-up in IHDS-II
Table 6 Characteristics of households that were lost to follow-up in IHDS-II compared to households that were interviewed in both rounds
Households lost to follow-up Households interviewed in both rounds p value
(N = 6 911) (N = 34 643)
Avg. number of individuals in the household 4.24 5.38 0.000
Avg. number of children in the household 1.22 1.73 0.000
Avg. number of married women in the household 1.01 1.26 0.000
Avg. number of married men in the household 1.00 1.21 0.000
Avg. household asset score (0–30) 14.34 11.84 0.000
Caste/religion categories N(%) 0.000
Brahmin 564(8.16) 1 857(5.36)
Upper caste 1 459(21.11) 5 692(16.43)
Other backward caste 2 069(29.94) 11 999(34.64)
Scheduled castes 1 081(15.64) 7 252(20.93)
Scheduled tribes 530(7.67) 2 909(8.40)
Muslims 904(13.08) 3 804(10.98)
Other religions (Sikhs, Jains, Christians) 304(4.4) 1 130(3.26)
Rural/urban N(%) 0.000
Rural 2 764(39.99) 23 970(69.19)
Urban 4 147(60.01) 10 673(30.81)
Table 7 Study outcomes among eligible women (with a live birth in the 5 years preceding the interviews) from households that
were lost to follow-up in IHDS-II compared to women from households that were interviewed in both rounds
Households lost to follow-up Households interviewed in both rounds p value
Any antenatal care 0.000
Total number 1 646 9 924
No ANC 215(13.06) 2 247(22.64)
At least one ANC visit 1431(86.94) 7 677(77.36)
Skilled birth attendance 0.000
Total number 1 643 9 994
Birth by non-medically trained provider 490(29.82) 4 457(45.09)
Birth by medically trained provider 1 153(70.18) 5 427(54.91)
Birth in a health facility 0.000
Total number 1 646 9 965
Birth at home 580(35.24) 5 467(54.86)
Birth in a health facility 1 061(64.46) 4 432(44.48)
Agarwal et al. Human Resources for Health           (2019) 17:68 Page 11 of 13
Abbreviations
ANC: Antenatal care; ANM: Auxiliary nurse midwives; ASHA: Accredited social
health activist; CHW: Community health worker; GoI: Government of India;
IHDS: Indian Human Development Survey; MoHFW: Ministry of Health and
Family Welfare; NCAER: National Council of Applied Economic Research;
NFHS: National Family Health Survey; NICHD: National Institutes of Child
Health and Human Development; NRHM: National Rural Health Mission;
OBC: Other backward caste; PCA: Principal component analysis; PHC: Primary
health care; SBA: Skilled birth attendance; SC: Scheduled caste;
SDGs: Sustainable Development Goals; ST: Scheduled tribe; WHO: World
Health Organization
Acknowledgements
We are grateful to the Carolina Population Center and NIH/NICHD for
training support (T32 HD007168) and for general support (P2C HD050924). We
thank Catherine Zimmer for her valuable guidance on the analysis and the
Odum Institute for research support. We would also like to thank the principal
investigators of the IHDS surveys—Sonalde Desai and Reeve Vanneman of the
University of Maryland and the National Economic Council of Applied
Economic Research; and the IHDS management and survey teams.
Data sharing statement
The data for this study is publicly available through the National Economic
Council of Applied Economic Research.
Author’s contributions
SA and SC conceptualized the study. SC and GA guided the data analysis.
SC, GA, KS, IS, and JT reviewed the study protocol and provided feedback at
each stage of the analysis. SA conducted the data analysis and wrote the
manuscript. All authors have read and approved the final version of the
report.
Funding
We are grateful to the Carolina Population Center and NIH/NICHD for training
support (T32 HD007168) and for the general support (P2C HD050924).
Ethics approval and consent to participate
Ethical approval was received from the University of North Carolina, Chapel
Hill Institutional Review Board.
Competing interests
The authors declare that they have no competing interests.
Author details
1Department of International Health, Johns Hopkins Bloomberg School of
Public Health, W5009E, 615 N Wolfe Street, Baltimore, MD 21205, USA.
2Maternal and Child Health, Gillings School of Global Public Health,
University of North Carolina, Chapel Hill, NC, USA. 3Carolina Population
Center, University of North Carolina, Chapel Hill, NC, USA. 4Department of
Epidemiology, Gillings School of Global Public Health, University of North
Carolina, Chapel Hill, NC, USA.
Received: 24 May 2019 Accepted: 19 July 2019
References
1. WHO UNICEF. UNFPA, et al. Trends in maternal mortality: 1990 to 2015.
Organization. 2015;32:1–55.
2. UNDP. Eight Goals for 2015, http://www.in.undp.org/content/india/en/
home/post-2015/mdgoverview.html (2015, accessed 20 November 2016).
3. International Institute of Population Sciences. National Family Health Survey
(NFHS-4). Mumbai, India, https://dhsprogram.com/pubs/pdf/FR339/FR339.pdf.
4. Kumar V, Mohanty S, Kumar A, et al. Effect of community-based behaviour
change management on neonatal mortality in Shivgarh, Uttar Pradesh,
India: a cluster-randomised controlled trial. Lancet (London, England). 2008;
372:1151–62.
5. Baqui AH, Arifeen SE, Williams EK, et al. Effectiveness of home-based
management of newborn infections by community health workers in
rural Bangladesh. Pediatr Infect Dis J. 2009;28:304–10.
6. Jokhio AH, Winter HR, Cheng KK. An intervention involving traditional birth
attendants and perinatal and maternal mortality in Pakistan. N Engl J Med.
2005;352:2091–9.
7. Bang A, Taylor M, Victora CG, et al. Comprehensive review of the evidence
regarding the effectiveness of community–based primary health care in
improving maternal, neonatal and child health: 8. summary and recommendations
of the Expert Panel. J Glob Health; 7. Epub ahead of print 2017. https://doi.org/10.
7189/jogh.07.010908.
8. Lewin S, Munabi-Babigumira S, Glenton C, et al. Lay health workers in primary
and community health care for maternal and child health and the management
of infectious diseases. Cochrane Database Syst Rev. 2010;(3):CD004015.
9. WHO. Increasing access to health workers in remote and rural areas
through improved retention. 2014, http://www.who.int/hrh/migration/
background_paper.pdf (2009).
10. Cometto G, Ford N, Pfaffman-Zambruni J, et al. Health policy and system
support to optimise community health worker programmes: an abridged
WHO guideline. Lancet Glob Heal. 2018;6:e1397–404.
11. Bajpai N, Dholakia RH. Improving the Performance of Accredited Social Health
Activist in India. Mumbai, India, https://academiccommons.columbia.edu/
doi/10.7916/D8988G63 (2011).
12. Ministry of Health and Family Welfare. Update on ASHA Programme- July
2013. New Delhi, http://nhsrcindia.org/sites/default/files/Update%20on%2
0ASHA%20Program%20July%202013.pdf.
13. Ministry of Health and Family Welfare. Update on the ASHA Programme-
January 2015. New Delhi, http://nhsrcindia.org/sites/default/files/Update%2
0on%20ASHA%20Programme-%20January-2017.pdf.
14. National Rural Health Mission. ASHA- Which way forward? Evaluation of the
ASHA programme. New Delhi, http://www.nipccd-earchive.wcd.nic.in/sites/
default/files/PDF/Evaluation_of_ASHA_Program_2010-11_Report.pdf.
15. Government of India Planning Commission. Report of the Working Group on
National Rural Health Mission for the Twelfth Five Year Plan (2012-2017),
http://planningcommission.nic.in/aboutus/committee/wrkgrp12/health/
WG_1NRHM.pdf (2011).
16. National Rural Health Mission. All India Health Status-Executive Summary,
https://nhm.gov.in/index1.php?lang=1&level=1&sublinkid=969&lid=49
(accessed 20 December 2016).
17. National Rural Health Mission (2005-2012), http://www.arthapedia.in/index.
php?title=National_Rural_Health_Mission_(NRHM)_2005-2012
HealthMission_Document.pdf (2005).
18. National Rural Health Mission. Guidelines on Accredited Social Health Activists
(ASHA). New Delhi, India, https://nhm.gov.in/index1.php?lang=1&level=
1&sublinkid=150&lid=226.
19. Wang H, Juyal R, Miner S, et al. Performance-based payment system for the
ASHAs in India: What does International experience tell us?, http://www.
intrahealth.org/files/media/performance-based-payment-system-for-ashas-in-
india-what-does-international-experience-tell-us-technical-report/
PerformanceBasedPaymentSystemASHAsIndiaReport.pdf (2012).
20. Sundararaman T, Gupta G. Indian approaches to retaining skilled health
workers in rural areas. Bull World Heal, http://www.scielosp.org/pdf/bwho/
v89n1/v89n1a16.pdf. 2011; accessed 6 July 2016.
21. Ministry of Health and Family Welfare. Update on the ASHA Programme- July
2015. New Delhi, http://nhsrcindia.org/pdf_files/resources_thematic/
Community_Participation/NHSRC_Contribution/index.php?option = com_
content&view = article&id = 286 (2015).
22. Perry H, Crigler L, Hodgins S, et al. Developing and Strengthening Community
Health Worker Programs at Scale A Reference Guide and Case Studies for
Program Managers and.
23. Fathima FN, Raju M, Varadharajan KS, et al. Assessment of ’accredited social
health activists’-a national community health volunteer scheme in Karnataka
State, India. J Health Popul Nutr. 2015;33:137–45.
24. Gopalan SS, Mohanty S, Das A. Assessing community health workers’
performance motivation: a mixed-methods approach on India’s
Accredited Social Health Activists (ASHA) programme. BMJ Open; 2.
Epub ahead of print 1 January 2012. DOI: https://doi.org/10.1136/
bmjopen-2012-001557.
25. Desai S, Vanneman R. Ann Arbor, MI, USA, 2015, editor. India Human
Development Survey-II (IHDS-II) 2011-12 User Guide. New Delhi, India.
26. Desai S, Vanneman R. Indian Human DEvelopment Survey (IHDS) 2005.
Maryland, USA; New Delhi, India, 2008.
27. Department of Reproductive Health and Research. Proportion of births
attended by a skilled health worker 2008 updates, http://apps.who.int/iris/
Agarwal et al. Human Resources for Health           (2019) 17:68 Page 12 of 13
bitstream/10665/69950/1/WHO_RHR_08.22_eng.pdf (2008, accessed 15
December 2016).
28. Kolenikov S, Angeles G. Socioeconomic status measurement with discrete
proxy variables: Is principal component analysis a reliable answer? Rev
Income Wealth. 2009;55:128–65.
29. Agresti A. An introduction to categorical data analysis, https://mregresion.
files.wordpress.com/2012/08/agresti-introduction-to-categorical-data.pdf
(1996, accessed 6 July 2016).
30. Gertler P, Martinez S, Premand P. Impact evaluation in practice, https://
siteresources.worldbank.org/EXTHDOFFICE/Resources/5485726-129545562
8620/Impact_Evaluation_in_Practice.pdf (2011, accessed 29 May 2016).
31. Paul VK, Sachdev HS, Mavalankar D, et al. Reproductive health, and child
health and nutrition in India: meeting the challenge. Lancet (London,
England). 2011;377:332–49.
32. International Institute for Population Sciences (IIPS), Macro International.
National Family Health Survey (NFHS-3), 2005-2006- India: Key Findings.
Mumbai, India.
33. Bhatia K. Community health worker programs in India: a rights-based review.
Perspect Public Health. 2014;134:276–82.
34. Bajpai N, Dholakia R. Improving the Performance of Accredited Social Health
Activist in India. 2011.
35. Singh D, Negin J, Otim M, et al. The effect of payment and incentives on
motivation and focus of community health workers: five case studies from
low- and middle-income countries. Hum Resour Health. 2015;13:58.
36. National Health Mission. Common Review Mission Report. New Delhi, India,
2015.
37. Wagner AL, Porth JM, Bettampadi D, et al. Have community health workers
increased the delivery of maternal and child healthcare in India? J Public
Heal (United Kingdom). 2018;40:e164–70.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Agarwal et al. Human Resources for Health           (2019) 17:68 Page 13 of 13
